Learning is most effective when new information can be related to a preexisting knowledge structure or schema. In the present study, event-related potentials (ERPs) were used to investigate the temporal dynamics of the processes by which activated schemata support the encoding of schema-congruent information. Participants learned category exemplar words that were either semantically congruent or incongruent with a preceding category cue phrase.
Introduction
Schemata are superordinate knowledge structures that are thought to consist of associative connections extracted from commonalities of multiple single episodes (see Gilboa and Marlatte, 2017 , for a recent review). Once a schema is activated, it can exert an influence on the processing of newly encountered information. According to a recently proposed framework for schema-based memory, i.e. the SLIMM framework (van Kesteren, Ruiter, Fernández, & Henson, 2012) , schematic encoding mainly relies on the medial prefrontal cortex (mFPC) and is associated with better memory for schema-congruent than for incongruent information (van Kesteren, Beul, et al., 2013) . Furthermore, memory for schemacongruent information is thought to benefit from a fast consolidation of schema-congruent memory traces (van Kesteren et al., 2012) . In support of this view, schema effects on item memory (i.e. better memory for schema-congruent than incongruent items) have been found to increase after a period of consolidation (Durrant, Cairney, McDermott, & Lewis, 2015; der Linden, Berkers, Morris, & Fernández, 2017; van Kesteren, Rijpkema, Ruiter, & Fernández, 2013) . As a consequence of the fast consolidation and the concomitant accelerated neocortical integration, schema-congruent memory traces become independent from the medial temporal lobe (MTL) particularly fast (Tse et al., 2007) and can be characterized as being more semantic and less detailed than memory traces that rely more strongly on the MTL (Spalding, Jones, Duff, Tranel, & Warren, 2015; van der Linden et al., 2017; Winocur, Moscovitch, & Bontempi, 2010) .
While a considerable number of studies have explored the brain regions involved in schema-based learning (Brod, Lindenberger, Werkle-Bergner, & Shing, 2015; Spalding et al., 2015; Staresina, Gray, & Davachi, 2009; van der Linden et al., 2017; van Kesteren, Beul, et al., 2013; van Kesteren, Rijpkema, Ruiter, & Fernández, 2010) and the brain regions mediating schematic encoding have been disclosed (Preston & Eichenbaum, 2013; van Kesteren et al., 2012) , relatively little is known about the temporal characteristics of the processes involved in schema-based learning. Event-related potentials (ERPs) are well-suited to address this question because of their high temporal resolution. A long-standing line of ERP research has made use of the subsequent memory paradigm (Sanquist, Rohrbaugh, Syndulko, & Lindsley, 1980) to examine neural activity indicative of successful memory encoding. In this approach, activity recorded during the encoding of items is compared for subsequent hits and misses, i.e. items that are remembered versus forgotten on a subsequent memory test (see Cohen et al., 2015 , or Paller & Wagner, 2002 , for reviews).
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In an illustrative recent study by Packard et al., (2017) , ERPs were used to investigate schematic memory encoding in a subsequent memory paradigm. Packard and colleagues used a DRM task (Deese, 1959; Roediger & McDermott, 1995) to compare recognition memory for category exemplar word lists that were preceded by a semantically congruent or incongruent category cue. They found that congruent targets were associated with increased hit rates, but also with increased false alarm rates (false memories) for semantically related lures. As semantic congruency increased true and false memories there was no indication that memory accuracy was higher for congruent than for incongruent exemplars. Therefore, it is possible that the processing of congruent exemplars in the study phase, rather than promoting episodic encoding, was associated mostly with increased activation for all exemplars belonging to the studied categories (see Tibon, Cooper, & Greve, 2017 , for a similar argument). The same objection applies to a second ERP experiment conducted by Packard et al. (2017, Exp. 4) , in which no semantically related lures were used in the recognition test. An alternative account for the data, namely that the participants' decisions were guided by the semantic congruence of an item with a studied category cue rather than reflecting episodic memory, cannot be excluded in either experiment. Comparing ERPs for subsequently remembered and forgotten items, Packard et al., (2017) found a congruency by subsequent memory interaction. The difference between subsequently remembered and forgotten congruent targets emerged at around 400 ms and by this 200 ms earlier than the corresponding difference for incongruent targets. Based on these results, Packard et al. (2017) concluded that semantic congruency accelerates the onset of ERP correlates of memory formation. However, because it cannot be ruled out that memory decisions were mostly based on the semantic congruence of an item with a studied category, an alternative interpretation of the ERP data seems more likely, namely that congruent words judged as "old" in the memory test were associated with attenuated N400 responses, known to be sensitive to semantic congruency relations (see Kutas & Federmeier, 2011 , for a review), in the study phase. Thus, the early onsetting SME for subsequently remembered congruent targets reported by Packard et al. (2017) may not reflect episodic memory formation for a specific event, but rather semantic integration processes as indexed by the N400 attentuation, that were contingent on the semantic congruency relations between category cues and study words (Tibon et al., 2017) .
In summary, even though the Packard et al. (2017) study yielded some important insights, the shortcomings described do not allow for a conclusive interpretation of the (ERP) data, and uncertainty remains regarding the temporal characteristics of the processes involved in schema-based learning. Therefore, the aim of the present study was to investigate the ERP M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 5 correlates of the processes by which activated schemata support the encoding of schemacongruent information. For this purpose, it is important to employ a design that allows to rule out alternative interpretations in terms of increased category activation for congruent items, for example by contrasting memory decisions for studied words and semantically related lures. Under this precondition, showing that a congruent semantic context during encoding boosts memory for studied words, without increasing false alarms to related lures to a similar extent, would allow to identify ERP activity related to episodic memory formation and to compare SME for schema-congruent and -incongruent words.
Another goal of the present study was to explore the role of expectancy mismatches during the encoding of schema-congruent information and their ensuing mnemonic consequences. Given that schema knowledge is activated by context information, it can be assumed that expectancies (predictions) regarding the upcoming input are built up (Ghosh & Gilboa, 2014) . In some situations, expectancies can be disconfirmed by plausible, but unexpected information, and this type of mismatch processing may benefit subsequent memory for these events. In an illustrative study, Federmeier, Wlotko, De Ochoa-Dewald, and Kutas (2007) compared expected and unexpected sentence ending words for sentences inducing a strong or weak expectation about the final word of the sentence. In support of the aforementioned view, they found that plausible, but unexpected sentence ending words after sentence frames that induced a strong expectation (e.g. the word "collection" after a sentence frame like "He bought her a perl necklace for her …") were associated with particularly good recognition memory and a late frontal positivity following the N400. Notably, it has been shown that a late frontal positivity is not only elicited by unexpected sentence endings, but also by semantically congruent, untypical category exemplar words following short phrases (e.g. the word "ash" after a phrase like "a kind of tree" ; Federmeier, Kutas, & Schul, 2010) . In contrast, incongruent exemplars (e.g. the word "tin" after the same phrase) did not elicit a frontal positivity, presumably because these words were not interpretable in the given context and expectancies were not disconfirmed.
Even though the functional significance of this ERP component has not yet been completely disclosed, is has been proposed that such late frontal positivities are elicited when the processing and contextual integration of an unexpected word demands the suppression of strongly expected and competing words (DeLong, Urbach, Groppe, & Kutas, 2011; Federmeier et al., 2007; Kutas, 1993; see Van Petten & Luka, 2012 , for a review). It is less clear, however, how the processes reflected by the frontal positivity benefit subsequent M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 6 memory for unexpected events. The suppression hypothesis suggests that, rather than reflecting processes that directly contribute to memory formation for unexpected target representations, the late frontal positivity reflects post-encoding processes that act upon the representations of strongly expected events. This implies that successfully encoded (i.e.
subsequently remembered) unexpected events should be associated with strong expectancy mismatch-related processing as reflected in the late frontal positivity.
The present study
In this study ERPs were used to explore schema-based online memory encoding. On every trial of the learning phase, participants were presented a semantic category cue (e.g. "A four-footed animal"), followed by a congruent ("dog") or incongruent ("sapphire") category exemplar. To compare expected and unexpected words, congruent exemplars were either of high or low typicality ("dog" or "wolf", respectively). One day after the encoding session, memory for the exemplar words and the category cues they were presented with was tested in a recognition test. Semantically related lures were used in the recognition memory test in order to ascertain that memory decisions were based on episodic memory for the category exemplars. Whereas semantically unrelated lures could be rejected based on memory for a semantic category presented in the study phase, semantically related lures can only be rejected based on detailed episodic memory for a specific category exemplar.
If a congruent semantic context supports memory encoding, memory accuracy should be higher for congruent than for incongruent exemplars (van Kesteren, Beul, et al., 2013) . If this congruency effect in memory is related to an accelerated onset of memory formation for congruent exemplars, as proposed by Packard et al. (2017) , ERP subsequent memory effects should differ in their onset between congruent and incongruent exemplars.
Congruent, but unexpected (low typicality) exemplars were expected to be associated with particularly high memory accuracy and a late frontal positivity (Federmeier et al., 2010 (Federmeier et al., , 2007 . Because the late frontal positivity probably does not reflect memory encoding processes per se, we did not predict larger SME for low versus high typicality exemplars.
Rather, as stated above, successfully encoded (i.e. subsequently remembered) unexpected exemplars should be associated with strong expectany mismatch-related processing as reflected in the late frontal positivity. 
Participants
Twenty-eight young adults (21 female) participated in the experiment. Their age ranged between 19 and 29 years (Mdn = 23). They were all German native speakers, had normal or corrected-to-normal vision and no neurological or psychiatric conditions. Before the experiment, participants gave their informed consent and completed the Edinburgh Handedness Inventory (Oldfield, 1971) confirming their right-handedness. After testing, a post-enquiry and debriefing followed, and participants received money (8 euros per hour) or course credit as a compensation for their participation. Four participants were excluded from all analyses because of an insufficient number of EEG segments per condition (see 2.5). Thus, all analyses are based on a sample of N = 24 subjects that was completely balanced regarding list and key assignments.
Stimuli
Stimuli consisted of 60 phrasal category cues and 480 category exemplar words, examples of which are given in Table 1 . For every category cue, four congruent and four incongruent exemplars were retrieved from rating studies based on and complementing the Battig and Montague (1969) category norms (Hellerstedt, Rasmussen, & Johansson, 2012; Mannhaupt, 1983; Van Overschelde, Rawson, & Dunlosky, 2004) . The four congruent exemplars were composed of two high typicality (HT) and two low typicality (LT) exemplars. HT exemplars were the two most frequently generated responses to the category cues (M = 0.70, SD = 0.20); except for a few cases in which the most frequent response was related to another category. LT exemplars were two items that were generated in response to the cue with substantially lower probability, M = 0.06, SD = 0.03. Incongruent (IC) exemplars were generated by randomly redistributing four exemplars of medium congruency from every category to others. The exemplar word lists (HT, LT, and IC) were composed of nouns and The experiment consisted of a study (ca. 45 minutes) and a test phase (ca. 55 minutes) taking place on two consecutive days. In the study phase, participants learned associations between the category cues and exemplars and rated the congruency of the presented categoryexemplar pairings. 24 hours later, recognition memory of the exemplars was assessed. For items jugded as "old", a 3-alternative forced-choice (3AFC) recognition memory test additionally assessed memory for the associated category. All experimental tasks were presented using EPrime 2 software (Psychology Software Tools, Inc.), and participants used a keyboard for their responses.
Study Phase
When participants arrived at the laboratory, approximately 45 minutes were spent on preparation for the EEG recording. Thereafter, participants were seated in front of a 19'' computer screen with a resolution of 1280 x 1024 pixels in an electrically shielded and sound-attenuated booth.
Overall, the study phase consisted of 240 trials, divided into six blocks. Each of the 60 category cues was presented with one HT, one LT and two IC exemplars. The remaining 240 exemplars would later be used as related lures in the test phase. The assignment of exemplars to the study or lure function was balanced across subjects. At the beginning of each block, participants were instructed to remember the pairs for a test 24 hours later, but were not told what aspects their memory would be tested on. The main task was to rate the congruency of every exemplar to the category shown before. Participants were given five practice trials.
Every trial started with a central fixation cross (500 ms), followed by the category cue (3000 ms). After a blank screen (1750 ms) and a fixation cross (jittered between 500 and 750 ms) the target exemplar was presented for 2000 ms and followed by a congruency rating asking about the perceived fit between category and exemplar. Subjects indicated their answer by key press on a 4-point scale ranging from "good" via "possible" and "rather not" to "not". The presentation of the rating scale continued until a reaction was registered. Pairs were presented pseudorandomly, with no more than three adjacent incongruent or congruent exemplar trials.
Approximately 24 hours later (range: 23-25.5, M = 24.05, SD = 0.53), recognition memory for the studied exemplars and the associated category cues was assessed. The test phase took place in another laboratory, where the experiment was presented on a 24'' screen (1920 x 1080 pixels resolution).
In the recognition memory test, the 240 studied exemplars were presented randomly intermixed with 240 unstudied exemplars in six blocks. Subjects were instructed to discriminate old items from new items (lures) and, for items judged as "old", to identify the category an exemplar was presented with at study in a 3AFC recognition memory test.
Participants were given five practice trials.
Trials started with the presentation of a fixation cross (1000 ms). Thereafter, the exemplar was presented for 1500 ms and the response interval started. The six-point confidence scale ("sure old", "probably old", "maybe old", "maybe new", "probably new"
and "sure new") appeared after a 1000 ms blank screen together with the question "Old or New?".
For every "old" judgement, the request "please choose the category this exemplar was studied with" was presented together with three category cues -always one congruent and two incongruent ones (see van , for a similar procedure). For congruent exemplars, the correct congruent category cue and two randomly assigned incongruent category cues were used. For incongruent exemplars the correct (incongruent) category was shown together with a second incongruent and a congruent category (both incorrect).
Behavioral Data
To quantify the subjective congruency ratings at study, mean rating scores were calculated for every level of the Congruency factor, with a value of four (zero) indicating the highest (lowest) possible score. In order to quantify item recognition performance, probability of true recognition (Pr) scores (Snodgrass & Corwin, 1988) were calculated as the difference between the proportions of correct and incorrect "old"-decisions (hits and false alarms). For this purpose, the corresponding three steps of the confidence scale were collapsed into "old"-and "new"-decisions. High-confidence Pr scores were calculated based on "sure"-and "probably"-decisions only. Hit rates were calculated for each level of the Congruency factor.
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Because congruency relations could only be established in relation to the category cue phrases and not on the item level, and in the test phase all exemplars were congruent to at least one semantic category, a single false alam rate was calculated for all lure exemplars.
Associative memory performance was calculated as the proportion of correctly recognized exemplars for which the category was correctly identified, irrespective of associative memory confidence. Because the associative decisions showed a strong bias in favor of choosing the congruent category cue, hit rates were corrected for the probability of choosing the correct category by guessing. For the congruent conditions, this probability was equivalent to the proportion of item recognition false alarms across congruency conditions (i.e., lure exemplars judged as "old") for which the congruent category cue was chosen. For the incongruent condition, because always two incongruent category cues were given as options, the guessing probability was equivalent to the proportion of item recognition false alarms across congruency conditions for which the incongruent category cue was chosen, divided by two. Corrected hit rates were calculated by subtracting the corresponding guessing probability from the hit rate. Means and standard errors of the mean (SEM) for all behavioral measures are given in Table 2 .
EEG Recording and Analysis
The EEG was recorded during the learning phase from 28 Ag/AgCl scalp electrodes embedded in an elastic cap with positions according to the 10-20 electrode system (Fp1, Fp2, F7, F3, Fz, F4, F8, FC5, FC3, FCz, FC4, FC6, T7, C3, Cz, C4, T8, CP3,  CPz, CP4, P7, P3, Pz, P4, P8, O1, O2, and A2). Blinks and eye movements were monitored horizontally and vertically from four electrodes placed above and below the right eye and at the canthi of the left and right eyes. The electrodes were online referenced to a left mastoid electrode (A1). AFz was used as a ground electrode. The EEG was amplified with a BrainAmp DC amplifier (Brain Products GmbH) from 0.016 to 250 Hz and digitized at 500 Hz. For off-line processing of the EEG data, Brain Vision Analyzer 2 software (Brain Products GmbH) was used. Electrodes were re-referenced to the average of the left and right mastoid electrodes. The data were lowpass-filtered at 40 Hz using a second order zero phase shift Butterworth filter. Independent component analysis (ICA) was applied to the continuous data to correct for ocular artefacts. Components associated with blinks and eye movements were rejected using a semi-automatic algorithm implemented in BrainVision Analyzer 2 (Ocular Correction ICA). The algorithm identified components that showed high correlations with vertical and horizontal eye channel
activity. In a second step, the component topographies were checked manually.
Components that exhibited a typical blink or eye movement topography were rejected. For ERPs, segments were extracted from 200 ms before the onset of a study phase exemplar to 2000 ms thereafter and baseline-corrected based on the 200 ms prestimulus activity.
Segments containing artifacts were rejected using the following criteria: A maximal allowed voltage step of 50 µV/ms, a maximal difference of values of 200 µV during intervals of 200 ms, and minimal and maximal allowed total amplitude of ± 100 µV. On average, 7.1 % of segments were rejected. Subsequent hits were defined as targets that were correctly judged as "old" (item hits) and for which the correct associated category cue was chosen (associative hits) in the test phase. Subsequent misses consisted of targets that were either judged as "new" (item misses) or for which the correct category cue was not identified (associative misses) in the test phase. Subject averages for combinations of the factors Congruency (HT, LT, IC) and Memory (hits, misses) were calculated based on a number of at least seven artifact-free trials per condition (for SME studies using a similar criterion for trial selection, see Kamp et al., 2017 Kamp et al., , 2018 Otten and Donchin, 2000) . The 
Statistical Analyses
All statistical analyses were conducted using IBM SPSS Statistics 22.0 software at a 5% significance level. Behavioral measures and ERP mean amplitudes were analyzed using repeated measures ANOVAs and dependent t-tests. Greenhouse-Geisser corrected degrees of freedom and p-values are reported whenever the assumption of sphericity was violated.
Significant effects were decomposed using lower level ANOVAs and dependent t-tests. Dunlap, Cortina, Vaslow, & Burke (1996) , taking into account the correlations between measurements. 
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Associative Recognition
Associative decisions showed a strong bias in favor of choosing the congruent category cue. Therefore, we calculated and analyzed hit rates that were corrected for the probability of choosing the correct category cue by guessing (see 2.4 for details). A oneway ANOVA with the factor Congruency (HT, LT, IC) showed that after correcting for guessing there were no significant differences between the congruency conditions, F
(1.351, 31.07) < 1, p corr = .59, η p 2 = .02.
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13 3.2 ERP Results Figure 1 shows the grand average ERP waveforms elicited by subsequently remembered words in the three congruency conditions (HT, LT, and IC hits). Congruency effects for the N400 emerged around 300 ms and were largest at posterior electrode sites.
In this time interval, amplitudes were most negative for IC hits, intermediate for LT and most positive for HT hits. A positive deflection that was most pronounced at parietal electrode sites followed at around 500 ms. In a later time window starting around 900 ms, LT hits exhibited a sustained positivity relative to HT and IC hits that persisted until approximately 1200 ms. This effect was more pronounced at frontal than at parietal electrode sites.
Furthermore, Figure 2 , depicting the subsequent memory effect (SME) for the three conditions, shows that across all three conditions, subsequently remembered exemplars elicited more positive-going waveforms than subsequently forgotten ones. At frontal electrodes, an SME emerged for all three congruency conditions around 300 ms and persisted until the end of the epoch. In contrast, qualitative differences of the SME between the two congruent and the incongruent condition were evident at parietal electrodes, where SMEs were obtained for congruent (HT and LT) exemplars. For incongruent exemplars subsequent hits and misses did not differ.
These observations were confirmed by a series of statistical analyses. Mean amplitudes were analyzed in the 300 -500 ms time window, where N400 effects are typically largest (Kutas & Federmeier, 2011) , and in the adjacent 500 -700 ms time window. These two time windows were chosen for the analyses of memory and congruency effects because they cover the early time window (370 -680 ms) in which Packard et al. (2017) found an SME for semantically congruent, but not incongruent words. As subsequent memory effects are usually largest at anterior recordings sites (Otten & Donchin, 2000) , especially under deep (semantic) encoding conditions or when elaborative encoding strategies are used (Kamp et al., 2017; Mecklinger & Müller, 1996; Otten & Rugg, 2001; Van Petten & Senkfor, 1996) , whereas effects of semantic congruency for the N400 are most pronounced at posterior electrodes (Kutas & Federmeier, 2011) , the electrode montage consisted of 12 electrodes that cover anterior and posterior brain regions, divided into two electrode clusters (anterior: F3, Fz, F4, FC3, FCz, FC4; posterior: CP3, CPz, CP4, P3, Pz, P4). As previous ERP studies exploring the processing of contextual information have consistently found that the late positivity is M A N U S C R I P T 
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-700 ms, anterior electrodes
At anterior electrodes, mean amplitudes differed as a function of Congruency, F 
-700 ms, posterior electrodes
At posterior electrodes, significant main effects of Congruency, F (2,46) = 37.59, p < .001, η p 2 = .62, and Memory, F (1,23) = 11.25, p < .01, η p 2 = .33, were obtained.
Notably, the main effect of Memory, was qualified by a significant Congruency by Table 3 .
Discussion
In the present study, ERPs were used to investigate the processes by which activated schemata support the encoding of new events. Based on the previous literature, it was predicted that schema-congruent information should be remembered better than incongruent information (van Kesteren, Beul, et al., 2013) . A second aim was to explore the role of expectancy during the processing of schema-congruent events. The assumption was that activated schema knowledge leads to the built up of expectancies and that in particular the disconfirmation of these expectancies by plausible, but unexpected events is associated with strong expectancy mismatch-related processing at a post-encoding stage that boosts memory performance for these events (Federmeier et al., 2007) . To assess the role of expectancy mismatches, memory for events which were plausible but of low typicality in a given context was explored and contrasted with memory for high typicality events.
Importantly, incongruent exemplars were not expected to elicit strong expectancy mismatches. Previous studies comparing memory for semantically congruent and incongruent word pairs have consistently found better memory for congruent events (e.g., Bein et al., 2015; Schulman, 1974) . Even though expectancy mismatches associated with incongruent events can also benefit learning and memory (see Brod, Hasselhorn, & Bunge, 2018 and Greve, Cooper, Kaula, Anderson, & Henson, 2017 , for two recent examples), at least in the case of semantic incongruency this effect is strongly contingent on the distinctiveness of these events (Reggev, Sharoni, & Maril, 2017) . Because congruent and incongruent items were M A N U S C R I P T
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17 presented equally often in the present study, memory for incongruent exemplars could not have benefited from a higher distinctiveness of the latter items. Also, our procedure to define incongruent events by rearranging words which originally belonged to different studied categories may have additionally lowered expectancy mismatches for incongruent trial in the present study. Thus, incongruent exemplars should best be regarded as a control condition in which the activated schema did not support memory encoding.
In the study phase, participants rated the congruency relation between the exemplar and the semantic category cue. The rating results confirm that the perceived fit between exemplars and categories corresponded to the experimental congruency conditions. To make sure that memory decision were not based on semantic category information but were reliant on detailed episodic memory for a particular event, studied items had to be discriminated from semantically related lures in a recognition memory test that was conducted one day after the study phase. Consistent with previous studies investigating schema-based encoding (e.g. Bein et al., 2014; van Kesteren, Beul, et al., 2013) , congruent (high and low typicality) exemplars were associated with superior memory compared to incongruent exemplars. Importantly, and different from the findings of Packard et al. (2017) , congruent exemplars were clearly associated with higher memory accuracy than incongruent exemplars when correcting for false alarms. This suggests that schema congruency may not have induced a semantic decision bias (i.e., respond old whenever a word from a study category is presented). Rather, memory for words learned in a semantically congruent context may have benefited from a preferential encoding of these words, leading to an increased accessibility of these traces in the subsequent memory test. Unexpectedly, we did not find that low typicality exemplars were remembered better than high typicality ones, a result which was reported by Federmeier et al. (2007) who used sentence contexts to induce expectancies for the sentence final word (e.g., "There were brightly colored pictures on every"). It is conceivable that the category exemplars used in the present study did not elicit expectancy violations as strong as those provoked by unexpected words in strongly constraining sentences, presumably because the category cue phrases (e.g., "A four-footed animal", see Table 1 ) were shorter and less likely to induce as strong expectations as the sentence frames used in the Federmeier et al. (2007) study.
Previous studies have found that schematic encoding benefits associative memory more than item memory (van Kesteren, Rijpkema, et al., 2013) . In contrast, we found strong effects of semantic congruency on item recognition for exemplar words, but no differences M A N U S C R I P T
regarding memory for associations between exemplars and category cues 1 . This may be due to the fact that, different from previous studies, items and category cues were not presented simultaneously in the study phase. Instead, the exemplar word was always presented several seconds after the presentation of the category cue, which may have fostered the encoding of item-specific details and dampened the processing of the item-category cue relationship.
Consistent with this view, ERPs elicited by congruent words showed a parietal SME that has been associated with the encoding of item-specific details, a process that heightens the distinctiveness of an item and thereby enhances its recall (Fabiani, Karis, & Donchin, 1986; Kamp et al., 2017; Karis, Fabiani, & Donchin, 1984) . Thus, the results of the present study indicate that differential effects of schematic encoding on item and associative recognition may at least partly depend on the parameters of the encoding situation.
ERPs elicited by the onset of the exemplar words in the study phase showed a typical N400 semantic congruency effect that emerged around 300 ms. It was broadly distributed but most pronounced over posterior electrode sites. Consistent with previous studies (Federmeier et al., 2010; Heinze, Muente, & Kutas, 1998) , N400 amplitudes decreased linearly with increasing semantic congruency. Incongruent exemplars elicited the largest N400, low typicality exemplars intermediate, and high typicality exemplars smallest N400 amplitudes.
In contrast to Packard et al. (2017) , where an SME emerged ca. 200 ms earlier for semantically congruent words, in the present study SME elicited by congruent and incongruent exemplars were present in the the 300 to 700 ms time period at frontal recording sites and showed highly similar temporal and topographical characteristics. This finding is consistent with a number of studies that have found frontally-distributed SME with an onset between 300 and 400 ms (Kamp et al., 2017; Mecklinger & Müller, 1996; Otten & Donchin, 2000; Otten & Rugg, 2001; Van Petten & Senkfor, 1996) and challenges the view that semantic congruency accelerates the onset of memory formation (Packard et al., 2017) . Our results rather suggest that the processes reflected by the early frontal SME contributed in a highly similar way to the formation of memory traces for schema-congruent and -incongruent events. Notably, as congruent (HT and LT) exemplars were associated with higher hit rates than incongruent exemplars, the highly similar pattern of SME across congruency conditions M A N U S C R I P T
19 cannot accout for the superior memory performance for congruent exemplars.
In further contrast to the Packard et al. (2017) study, in which SME for semantically congruent and incongruent words showed a temporal dissociation, the present study revealed a topographical difference of the SME as a function of semantic congruency. While the SME did not differ between congruent and incongruent events at anterior electrodes, there was an SME in the same epoch which was most prominent over parietal electrode sites. As revealed by a Memory by Congruency interaction, this SME was specific for congruent exemplars and virtually absent for incongruent ones. Parietal subsequent memory effects of similar kind are thought to occur when episodic details are successfully encoded and memory for items is probed at test, and less so for the successful encoding of relational information (Fabiani et al., 1986; Kamp et al., 2017; Karis et al., 1984) . The pattern of results therefore suggests that activated schemata supported memory formation for schema-congruent exemplars by enhancing the successful encoding of item specific details. This kind of online memory formation may render single items distinctive in later memory test and boost memory performance, as evident from the superior memory accuracy for congruent events.
Of note, in this study, subsequent hits were defined as target words that were correctly judged as "old" and for which the correct category cue was chosen. This procedure has the advantage of reducing the number of correctly guessed "old" decisions included in the averaged ERP waveform. Because participants showed a strong bias in favor of choosing the congruent category cue, congruent hits presumably contained more correct category guesses than incongruent hits. Importantly, correct and incorrect category guesses should not differ at the electrophysiological level. Thus, if a higher proportion of correct category guesses affected the ERP data, then this should have reduced the difference between subsequent hits and misses in the congruent conditions. This is not what we found: The early frontal SME was highly similar in the congruent and incongruent conditions, and the parietal SME was specific for the congruent conditions. Because these findings are hard to reconcile with the view outlined above, we feel save to conclude that the higher proportion of category guesses in the congruent conditions probably did not bias the pattern of ERP results. If, however, the ERP results are biased by a higher proportion of correct category guesses in the congruent conditions, then this would mean that the SME obtained in the congruent conditions were undererstimated in the present study.
Consistent with previous studies, ERPs elicited by subsequently remembered low typicality exemplars were associated with a late frontal positivity that is thought to reflect M A N U S C R I P T
20 expectancy mismatch-related processing at a post-encoding stage that is caused by the discrepancy between a constraining context and an unexpected though plausible event (Federmeier et al., 2010 (Federmeier et al., , 2007 . Interestingly, a complementary correlation analysis revealed that the late frontal positivity elicited by successfully encoded congruent events showed a negative correlation with the false alarm rate in the test phase. This indicates that the higher the involvement of the processes reflected in the late frontal positivity, the better are participants able to avoid false positive memory decisions by detecting semantically related lures. This finding is consistent with functional interpretations of the late frontal positivity which assume that it reflects the contextual integration of an unexpected event by the suppression of strongly expected ones (DeLong et al., 2011; Kutas, 1993; Van Petten & Luka, 2012) .
The notion that the late frontal positivity reflects the suppression of expected events implies that the accessibility of these events should be reduced in a memory test performed after the assumed suppression. Research on retrieval-induced forgetting provides ample evidence for this view (Hanslmayr, Staudigl, Aslan, & Bäuml, 2010; Johansson, Aslan, Bäuml, Gäbel, & Mecklinger, 2007; . Interestingly, however, whereas ERPs indicated that only low typicality exemplars elicited a large frontal positivity, the analysis of individual differences showed that the negative correlation pattern between the frontal positivity and the false alarm rate was less specific: The positivity to both low and high typicality events was correlated with false memory responses. As in the present task all lures were semantically related to the studied categories, this finding suggests that the processes reflected by the late frontal positivity do not lead to a selective suppression of memory representations of highly expected events but -more likely -attenuate false memory responses by means of a general suppression of semantically related representations at the post-encoding stage.
Taken together, the ERP results suggest that two processes contributed to the pattern of memory results observed in the present study: Firstly, activated schemata have a strong positive effect on the encoding of schema-congruent item-specific details and make the memory representation of these newly encoded items more accessible in later memory tests.
This process was reflected by the increased hit rates for schema congruent exemplars and electrophysiologically supported by the parietal SME, a measure of successful item-specific encoding, which was selectively revealed for congruent events. Secondly, the processing of Waveforms for subsequently remembered HT, LT, and IC exemplars at representative scalp electrodes. The N400 (300 -500 ms), post-N400 (500 -700 ms), and frontal slow wave (900 -1200 ms) time windows are marked in grey.
Figure 2
Subsequent Memory Effects at two electrodes representative for the frontal and parietal electrode clusters (Fz and Pz), separate for congruent (HT, LT) and incongruent (IC) exemplars. Conditions in which significant SME were obtained are marked with an asterisk (n.s. = not significant).
Figure 3
Scatterplots of the correlations between mean amplitudes in the late frontal slow wave time window (900 -1200 ms) at electrode Fz and the false alarm rate. Table 3 : Pearson's correlation coefficients between Hit/ False alarm rates and standardized ERP mean amplitudes between 900 -1200 ms at electrode Fz. Note: * = p < .05, ** = p < .01, two-tailed.
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